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(57) ABSTRACT

Instead of central management of communication paths
between repeating installations using a conventional central
managing device, 1n plural repeating installations, a repeat-
ing 1nstallation compares and refers to another path infor-
mation where use/free state of plural channels of the other
repeating installations comprised 1 communication data
received from the other repeating installations other than the
repeating installation itself and use/free state of channels
corresponding to one or more node terminal connected with
the repeating installation itself, and decides path information
of 1nput-output data inputted/outputted into/from the repeat-
ing 1nstallation itself so that the respective repeating instal-
lations perform allocating management of communication
channels for the mput-output data mndividually and disper-
sively.
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COMMUNICATION METHOD AND SYSTEM
INVOLVING DISTRIBUTED MANAGEMENT
OF CHANNEL ALLOCATION

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a communication system
which 1s constituted so that plural repeating installations, to
which one or more node terminals are connected, are con-
nected via data transmission lines, and 1n which data are
exchanged between the node terminals, between the repeat-
ing 1nstallations or between the node terminals and repeating
installations, and more specifically relates to a communica-
tion method and communication system in which, for
example, even when data are exchanged between node
terminals belonging respectively to different repeating
installations, communication data can be transmitted
securcly to a destination node terminal specified by an
originating source node terminal.

2. Description of the Related Art

Conventionally, a communication system, which 1s con-
stituted so that plural repeating installations, to which one or
more node terminals are connected, are connected via data
transmission lines and 1n which data are exchanged between
the node terminals, between the repeating installations or
between the node terminals and repeating installations, are
generally known.

In the above conventional communication system, when
communication data are transmitted from an originating
source node terminal to a destination node terminal, com-
munication path management generally adopts the central
management method using a central management device.

As for the central management method, a central man-
agement device connected with a communication system
always monitors use/free state of plural data channels owned
by respective repeating installations. At this time, when a
node terminal connected to a repeating 1nstallation generates
a transmission request of communication data, accordingly
the repeating installation transmits a use request of the data
channel to the central management device. Then, the central
management device successively searches plural communi-
cation paths from the originating source node terminal to the
destination node for data channels which are free or can be
changed 1nto a free state so as to allocate the searched data
channels to the repeating installations which transmitted the
use request. As a result, The communication paths from the
originating source node terminal to the destination node
terminal can be secured, and the communication data can be
transmitted securely from the originating source node ter-
minal to the destination node terminal along the communi-
cation paths.

However, according to the communication path manage-
ment method 1n the conventional communication system, 1n
the case where data are exchanged between node terminals,
for example, every time a node terminal connected with a
repeating mstallation makes a transmission request of com-
munication data, the repeating installation connected to this
node terminal transmission a use request of a data channel
to the central management device, and accordingly the
central management device successively searches plural
communication paths from an originating source node ter-
minal to a destination node terminal for data channels which
are free or can be changed 1nto the free state, and allocates
the secarched data channels to the repeating installations
transmitting the use request. Since this complicated process
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2

should be performed, there arises a problem, which should
be solved, such that time required for securing the usable
communication paths becomes comparatively long.

SUMMARY OF THE INVENTION

The present mvention 1s devised in view of the above
circumstances, and it 1s an object of the present 1nvention to
provide communication method and communication system
in which instead of the central management of communica-
fion paths between repeating installations using a conven-
tional central managing device, another path information
where use/free state of plural channels of repeating instal-
lations comprised 1n communication device received from
the repeating installations other than a repeating installation
itself and use/free state of channels corresponding to one or
more node terminal connected with the repeating installation
itself are compared and referred to, path information of
input-output data inputted/outputted into/from the repeating
istallation itself 1s decided, and allocation of communica-
tion channels for the mput-output data 1s managed individu-
ally and dispersively so that processing load due to the path
management on respective installations 1s reduced and pro-
cessing time required for the path management in the
repeating installations 1s shortened, and as a result, even 1n
the case where data are exchanged between node terminals
belonging respectively to different repeating installations,
the communication data can be transmitted securely from an
originating source node terminal to a specified destination
node terminal.

It 1s another object of the present mnvention to provide a
communication method and communication system 1n
which a path request repeating installation requesting trans-
mission of communication data 1 the plural repeating
installations selects definite paths through which the com-
munication data pass based on common free paths between
path information of the respective repeating installations,
which are obtained by referring to path information con-
taining free state of output side paths of the repeating
installations existing within a request path range from an
originating source to destination of the communication data,
and transmits the definite path information containing the
selected paths to the repeating installations existing within
the request path range, whereas the respective repeating
installations existing within the request path range revise the
respective path information based on the received definite
path information so that when pass paths for the communi-
cation data are secured, the communication procedure 1s
simplified, and as a result, even 1 the case where data are
exchanged between node terminals belonging respective to
different repeating 1nstallations, the communication data can
be transmitted securely from an originating source node
terminal to a specified destination node terminal.

In order to solve the above problems, a first aspect of the
invention provides a communication method used 1n a
communication system arranged by connecting plural
repeating 1nstallations, to which one or more node terminals
are connected, via a data transmission line, said communi-
cation method exchanging data between the node terminals,
between the repeating installations or between the node
terminals and repeating installations, said communication
method comprising the steps of:

comparing and referring, 1n each repeating installation, to
another path information, where use/free state of plural
channels of the other repeating installations other than
the repeating installation 1itself 1s described, comprised
in communication data received from the other repeat-
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ing 1nstallations and use/free state of channels corre-
sponding to the one or more node terminals connected
with the repeating installation itself; and

deciding, in each repeating installation, path information
of mput-output data inputted/outputted into/from the
repeating installation itself;

whereby each repeating installation individually and dis-
persively manages allocation of communication chan-
nels of the input-output data.

According the first aspect, instead of a central manage-
ment of communication paths between the repeating nstal-
lations using a conventional central managing device, 1n the
plural repeating installations, a repeating installation com-
pares and refers to another path information where use/free
state of plural channels of the other repeating installations 1s
described comprised 1n communication data received by the
other repeating installations other than the repeating instal-
lation 1tself and use/free state of channels corresponding to
the one or more node terminals connected with the repeating
installation 1itself, and decides path information of input-
output data inputted/outputted into/from the repeating mnstal-
lation 1tself so that the respective repeating installations
manage allocation of communication channels of the input-
output data individually and dispersively. Therefore, pro-
cessing load due to the path management 1n the repeating
installations 1s reduced, and processing time required for the
path management 1n the repeating installations 1s shortened.
As a result, 1n the case where data are exchanged between
node terminals belonging to respectively to different repeat-
ing 1nstallations, the communication data can be transmitted
securcly from an originating source node terminal to a
specifled destination node terminal.

In addition, a second aspect of the mvention provides a
communication method used 1n a communication system
arranged by connecting plural repeating installations, to
which one or more node terminals are connected, via a data
transmission line, said communication method exchanging
data between the node terminals, between the repeating
installations or between the node terminals and repeating
installations, said communication method comprising the
steps of:

comparing and referring, 1n each repeating installation, to
another path mformation, where use/free state of plural
channels of the other repeating installations other than
the repeating installation itself 1s described, comprised
in communication data received by the other repeating
installations and use/free state of channels correspond-
ing to the one or more node terminals connected with
the repeating installation itself;

deciding, 1n each repeating installation, path imnformation
of mput-output data inputted/outputted into/from the
repeating installation itself;

generating, 1n each repeating installation, output side path
information of the repeating installation itself where the
use/free state of the channels of the repeating installa-
tion 1tself 1s described; and

transmitting the communication data including the gen-
erated output side path information of the repeating
installation itself to the other repeating installations
other than the repeating installation itself;

whereby each repeating installation individually and dis-
persively manages allocation of communication chan-

nels of the input-output data.
According to the second aspect, mstead of a central
management of communication paths between the repeating
installations using a conventional central managing device,
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in the plural repeating installations, a repeating installation
compares and refers to another path information where
use/free state of plural channels of the other repeating
installations 1s described comprised in communication data
received by the other repeating installations other than the
repeating installation itself and use/free state of channels
corresponding to the one or more node terminals connected
with the repeating installation itself, and decides path 1nfor-
mation of input-output data inputted/outputted into/from the
repeating installation itself and generates output side path
information of the repeating installation itself where the
use/free state of the channels of the repeating installation
itself 1s described as well and transmits the communication
data including the generated output side path information of
the repeating installation to the other repeating installations
other than the repeating installation 1tself so that the respec-
five repeating installation manage allocation of communi-
cation channels of the mmput-output data individually and
dispersively. Therefore, processing load due to the path
management 1n the repeating installations 1s reduced, and
processing time required for the path management 1n the
repeating installations 1s shortened. As a result, even 1n the
case where data are exchanged between node terminal
belonging respectively to different repeating installations,
the communication data can be transmitted securely from an
originating node terminal to a specified destination node
terminal.

Further, it 1s the point of a third aspect of the invention
that the output side path information of the repeating instal-
lation 1tself 1s generated, based on the use/iree state of plural
channels of the other repeating installations other than the
repeating installation itself described i1n the other path
information, by updating corresponding channels in the
other path information from use state to free state 1n the case
where data output whose destination 1s a node terminal
connected with the repeating installation itself exist, and by
updating prescribed channels 1n free states 1n the other path
information to be in use state in the case where data input
whose originating source 1s a node terminal connected with
the repeating installation itself.

According to the third aspect, the output side path mfor-
mation of the repeating installation itself 1s generated based
on the use/free state of plural channels of the other repeating
installations described 1n the other path information such
that 1n the case where data output whose destination 1s a
node terminal connected with the repeating installation itself
exist, corresponding channels in the other path information
in use state are updated to be 1n free state, whereas 1n the
case where data mput whose originating source 1s a node
terminal connected with the repeating installation itself,
prescribed channels 1n free states in the other path informa-
tion are updated to be 1n use state.

Furthermore, 1t 1s the point of a fourth aspect of the
invention that in the case where data input whose originating
source 15 a node terminal connected with the repeating
installation itself exist, and a destination of the data input 1s
a node terminal connected with the repeating installation
itself, decision of paired pieces of the path information
corresponding to the paired node terminals 1s not prevented.

According to the fourth aspect of the present invention, in
the case where data input whose originating source 1s a node
terminal connected with the repeating installation itself exist
and a destination of the data mput 1s a node terminal
connected with the repeating installation itself, decision of
paired pieces of the path information corresponding to the
paired node terminals 1s not prevented.

Further, a fifth aspect of the invention provides a com-
munication method used in a communication system
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arranged by connecting plural repeating installations, to
which one or more node terminals are connected, via a data
transmission line, said communication method exchanging
data between the node terminals, between the repeating
installations or between the node terminals and repeating
installations, said communication method comprising the
steps of:

comparing and referring, 1n each repeating installation, to
another path information, where use/free state of plural
channels of the other repeating installations other than
the repeating installation 1itself 1s described, comprised
in communication data received by the other repeating
installations and use/free state of channels correspond-
ing to the one or more node terminals connected with
the repeating installation itself; and

deciding, 1n each repeating installation, path imnformation
of mput-output data inputted/outputted into/from the
repeating installation itself, based on as to whether or
not priority data having high priority whose destination
1s a node terminal connected with the repeating instal-
lation 1itself exist 1n the communication data;

whereby each repeating installations individually and
dispersively manage allocation of communication
channels of the mput-output data.

Therefore, processing load due to the path management in
the repeating installations is reduced, and processing time
required for the path management 1n the repeating installa-
tfions 1s shortened. As a result, 1n the case where priority data
having high priority whose destination 1s a node terminal
connected with the repeating installation itself exist, when
channels corresponding to the node terminal as the destina-
fion are given priority in allocation to the priority data, the
extremely practical communication method can be realized.

In addition, 1t 1s the point of a sixth aspect of the invention
that when priority data having high priority whose destina-
fion 1s a node terminal connected with the repeating instal-
lation 1tself exist in the communication data, path informa-
tion 1s decided so that the priority data are given priority in
interruption and output via a desired channel regardless of
use/free state of channels corresponding to the node terminal
as the destination.

According to the sixth aspect, when priority data having
high priority whose destination 1s a node terminal connected
with the repeating installation itself exist in the communi-
cation data, path mformation 1s decided so that the priority
data are given priority 1n interruption and output via a
desired channel regardless of use/free state of channels
corresponding to the node terminal as the destination.
Therefore, the extremely practical communication method
which faithfully reflects priority can be realized.

Further, a seventh aspect of the invention provides a
communication system comprising plural repeating 1nstal-
lations connected via a data transmission line, each repeat-
ing 1nstallation connected with one or more node terminals,
saild communication system exchanging data between the
node terminals, between the repeating installations or
between the node terminals and repeating installations, said
cach repeating mstallation comprising;:

a recelving unit receiving communication data mcluding
another path information where use/free state of plural
channels of the other repeating installations other than
the repeating 1nstallation 1tself 1s described, from the
other repeating installation;

a state judging unit judging use/free state of channels
corresponding to one or more node terminals connected
with the repeating installation 1tself; and
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a path mnformation deciding unit comparing and referring
to another path information comprised in the commu-
nication data received by the receiving unit and the
use/free state of the channels corresponding to the one
or more node terminals connected with the repeating
installation itself judged by the state judging unit to
decide path information of input-output data mputted/
outputted into/from the repeating installation itself;

whereby the path information deciding unit individually
and dispersively manages allocation of communication
channels for the mput-output data.

According to the seventh aspect, first the receiving unit
provided to the plural repeating installations receives the
communication data including another path information
where use/free state of the plural channels of the other
repeating 1nstallations 1s described from the repeating instal-
lations other than the repeating installation itself.
Meanwhile, the state judging unit judges use/free state of
channels corresponding to one or more node terminals
connected with the repeating installation itself. The path
information deciding unit compares and refers to another
path information comprised in the communication data
received by the receiving unit and the use/free state of the
channels corresponding to the one or more node terminals
connected with the repeating installation 1tself judged by the
state judging unit so as to decide path information of
input-output data inputted/outputted mto/from the repeating
mstallation 1tself. As a result, the allocation of the commu-
nication channels for the input-output data is managed
individually and dispersively.

Namely, mstead of the central management of the com-
munication paths between the repeating installations using a
conventional central managing device, since the plural
repeating installations manage the allocation of the commu-
nication channels for the input-output data inputted/
outputted mto/from the repeating 1nstallation 1tself individu-
ally and dispersively, processing load due to the path
management 1n the repeating installations 1s reduced, and
processing time required for the path management 1n the
repeating installations 1s shortened. As a result, 1n the case
where even 1n the case where data are exchanged between
node terminals belonging respectively to different repeating
istallations, the communication data can be transmitted
securcly from an originating source node terminal to a
specifled destination node terminal.

Furthermore, an eighth aspect of the invention provides a
communication system comprising plural repeating instal-
lations connected via a data transmission line, each repeat-
ing 1nstallation connected with one or more node terminals,
saild communication system exchanging data between the
node terminals, between the repeating installations or
between the node terminals and repeating installations, said
cach repeating installation comprising;:

a receiving unit receiving communication data including
another path information where use/iree state of plural
channels of the other repeating installations other than
a repeating installation 1tself 1s described, from the
other repeating installation;

a state judging unit judging use/free state of channels
corresponding to one or more node terminals connected
with the repeating installation itself;

a path information deciding unit comparing and referring
to another path information comprised in the commu-
nication data received by the receiving unit and the
use/free state of the channels corresponding to the one
or more node terminals connected with the repeating
installation 1itself judged by the state judging unit to




US 6,512,777 Bl

7

decide path information of input-output data 1mnputted/
outputted mto/from the repeating installation itself;

a self path information generating unit comparing and
referring to another path mformation comprised in the
communication data received by the recerving unit and
the use/free state of the channels corresponding to the
one or more node terminals connected with the repeat-

ing 1nstallation 1tself judged by the state judging unit to
generate self output side path information where use/
free state of the channels of the repeating installation
itself 1s described; and

a transmitting unit transmitting the communication data
including the self output side path information gener-
ated by the self path information generating unit to the
other repeating installations other than the repeating
mstallation itself;

whereby the path information deciding unit individually
and dispersively manages allocation of communication
channels for the mput-output data.

According to the eighth aspect, first the receiving unit
receives communication data including another path infor-
mation where use/free state of plural channels of repeating
installations other than a repeating installation itself from the
repeating installation itself, the state judging unit judges
use/free state of channels corresponding to one or more node
terminals connected with the repeating installation itself.
The path information deciding unit comparing and referring
to another path information comprised 1n the communication
data received by the receiving unit and the use/free state of
the channels corresponding to the one or more node termi-
nals connected with the repeating installation itself judged
by the state judging unit so as to decide path information of
input-output data mputted/outputted into/from the repeating
mstallation itself. As a result, the allocation of the commu-
nication channels for the iput-output data is managed
individually and dispersively. Moreover, the self path infor-
mation generating unit compares and refers to another path
information comprised in the communication data received
by the receiving unit and the use/free state of the channels
corresponding to the one or more node terminals connected
with the repeating installation itself judged by the state
judging unit so as to generate self output side path infor-
mation where use/lree state of the channels of the repeating
installation 1itself 1s described. Accordingly the transmitting
unit transmits the communication data including the self
output side path information generated by the self path
information generating unit to the other repeating installa-
tions other than the repeating installation 1tself.

In such a manner, instead of the central management of
the communication paths between the repeating installations
using a conventional central managing device, since the
plural repeating 1nstallations manage the allocation of the
communication channels for the input-output data inputted/
outputted 1nto/from the repeating installation itself 1ndividu-
ally and dispersively, processing load due to the path man-
agement 1n the repeating installations 1s reduced, and
processing time required for the path management in the
repeating installations 1s shortened. As a result, 1in the case
where even 1n the case where data are exchanged between
node terminals belonging respectively to different repeating
mstallations, the communication data can be transmitted
securcly from an originating source node terminal to a
specifled destination node terminal.

Further, 1t 1s the point of a ninth aspect of the invention
that the self path information generating unit generates the
self output side path information, based on the use/free state
of plural channels of the other repeating installations
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described in the other path information, by updating corre-
sponding channels 1n another path information from use
state to free state in the case where data output whose
destination 1s a node terminal connected with the repeating
installation 1itself exist, and by updating prescribed channels
in free states 1n the other path information to be in use state
in the case where data mput whose originating source 1s a
node terminal connected with the repeating installation
itself.

According to the ninth aspect, the self path information
generating unit generates the self output side path informa-
tion based on the use/free state of plural channels of the
other repeating installations described in the other path
information such that in the case where data output whose
destination 1s a node terminal connected with the repeating
installation 1itself exist, corresponding channels in another
path information 1n use state are updated to be 1n free state,
whereas 1n the case where data mput whose originating
source 15 a node terminal connected with the repeating
installation 1tself, prescribed channels 1n free states in the
other path information are updated to be 1n use state.

Further, 1t 1s the point of a tenth aspect of the invention
that in the case where data mnput whose originating source 1s
a node terminal connected with the repeating installation
itself exist, and a destination of the data input 1s a node
terminal connected with the repeating installation itself,
decision of paired pieces of the path information corre-
sponding to the paired node terminals 1s not prevented.

According to the tenth aspect, in the case where data input
whose originating source 1s a node terminal connected with
the repeating installation itself exist and a destination of the
data 1nput 1s a node terminal connected with the repeating
installation 1tself, decision of paired pieces of the path
information corresponding to the paired node terminals 1s
not prevented.

In addition, an eleventh aspect of the invention, a com-
munication method used in a communication system
arranged by connecting plural repeating installations, to
which one or more node terminals are connected, via a data
transmission line, said communication method exchanging
data between the node terminals, between the repeating
installations or between the node terminals and repeating
installations, said communication method comprising the
steps of:

a requesting from a path request repeating installation
requesting transmission of communication data in the
plural repeating installations to repeating installations
ex1sting within a request path range from an originating
source to destination of the communication data to
return path information containing iree state of respec-
tive output side paths;

selecting, 1in the path request repeating installation, defi-
nite paths through which the communication data pass
based on the respective path information returned from
the repeating installations existing within the request
path range;

transmitting the definite path information containing the
selected definite paths from the path request repeating,
installation to the repeating 1nstallations existing within
the request path range;

revising the respective path information, 1n the repeating
installations existing within the request path range,
based on the definite path information received from
the path request repeating installation to secure pass
paths for the communication data prior to transmission
of the communication data from the path request
repeating 1nstallation.
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According to the eleventh aspect, a path request repeating
installation requesting transmission of communication data
in the plural repeating installations first requests repeating
installations existing within a request path range from an
originating source to destination of the communication data
to return path information containing free state of respective
output side paths. Next, the path request repeating installa-
tion selects definite paths through which the communication
data pass based on the respective path information returned
from the repeating installations existing within the request
path range. Then, the path request repeating installation
transmits the definite path i1nformation containing the
selected definite paths to the repeating installations existing
within the request path range.

Meanwhile, the repeating mnstallations existing within the
request path range revise the respective path information
based on the definite path information received from the
path request repeating installation.

As a result, prior to transmission of the communication
data from the path request repeating mnstallation, pass paths
for the communication data can be secured, and the pro-
cessing procedure between the repeating installations 1s
simplified when the pass paths for the communication data
are secured. As a result, even i1n the case where data are
exchanged between node terminal belonging respectively to
different repeating installations, the communication data can
be transmitted securely from an originating source node
terminal to a destination node terminal.

Further, 1t 1s the point of a twelfth aspect of the invention,

to further comprises the steps of:

obtaining, 1n the path request repeating installation, com-
mon free paths between the path information in the
repeating installations existing within the request path
range by performing logical operation of the respective
path information returned from the repeating installa-
tions existing within the request path range; and

selecting, 1n the path request repeating installation, defi-
nite paths through which the communication data pass
from the obtained common free paths between the path
information of the repeating installations existing
within the request path range.

According to the twellth aspect, the path request repeating
installation requests the repeating installations existing
within the request path range from an originating source to
destination of the communication data to return the path
information containing free state of the respective output
side paths, obtains common free paths between the path
information in the repeating installations existing within the
request path range by performing logical operation of the
respective path information returned from the repeating
installations existing within the request path range, selects
definite paths through which the communication data pass
from the obtained common free paths, and transmits the
definite path information containing the selected definite
paths to the repeating installations existing within the
request path range.

Furthermore, it 1s the point of a thirteenth aspect the
invention that the repeating installations existing within the
request path range update the selected definite paths 1n free
state to be 1n use state based on the definite path information
received from the path request repeating installation to
revise the respective path information.

According to the thirteenth aspect, the repeating installa-
fions existing within the request path range update the
selected definite paths in free state to be 1n use state based
on the definite path information received from the path
request repeating installation so as to revise the respective
path mformation.
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Further, a fourteenth aspect of the invention provides
communication method used 1n a communication system
arranged by connecting plural repeating installations, to
which one or more node terminals are connected, via a data
transmission line, said communication method exchanging
data between the node terminals, between the repeating
installations or between the node terminals and repeating
installations, said communication method comprising the
steps of:

requesting from a path request repeating installation
requesting transmission of communication data in the
plural repeating installations to repeating installations
ex1sting within a request path range from an originating
source to destination of the communication data to
return path information containing free state of respec-
tive output side paths;

obtaining, 1n the path request repeating i1nstallation, com-
mon free paths between the path information in the
repeating installations existing within the request path
range by performing logical operation of the respective
path information returned from the repeating installa-
tions existing within the request path range;

selecting, 1in the path request repeating installation, defi-
nite paths through which the communication data pass
from the obtained common free paths between the path
information of the repeating installations existing
within the request path range;

transmitting the definite path information containing the
selected definite paths from the path request repeating
installation to the repeating 1nstallations existing within
the request path range;

updating, 1n the repeating installations existing within the
request path range, the selected definite paths 1n free
state to be 1n use state based on the definite path
information received from the path request repeating
installation to revise the respective path information
and thus securing pass paths for the communication
data prior to transmission of the communication data
from the path request repeating installation.

According to the fourteenth aspect, the path request
repeating installation first requests repeating installations
existing within a request path range from an originating
source to destination of the communication data to return
path mformation containing free state of respective output
side paths. Next, the path request repeating installation
obtains common free paths between the path information in
the repeating installations existing within the request path
range by performing logical operation of the respective path
information returned from the repeating installations exist-
ing within the request path range, and selects definite paths
through which the communication data pass from the
obtained common free paths. Then, the path request repeat-
ing 1nstallation transmits the definite path information con-
taining the selected definite path to the repeating installa-
fions existing within the request path range.

Meanwhile, the repeating installations existing within the
request path range update the selected definite paths 1n free
state to be 1n use state based on the definite path information
received from the path request repeating installation so as to
revise the respective path information.

As a result, prior to transmission of the communication
data from the path request repeating installation, pass paths
for the communication data can be secured, and when the
pass paths for the communication data, the communication
procedure between the repeating installations 1s simplified.
As a result, even 1n the case where data are exchanged
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between node terminal belonging respectively to different
repeating installations, the communication data can be trans-
mitted securely from an originating source node terminal to
a speciiied destination node terminal.

In addition, a fifteenth aspect of the invention provides
communication system comprising plural repeating 1nstal-
lations connected via a data transmaission line, each repeat-
ing 1nstallation connected with one or more node terminals,
sald communication system exchanging data between the
node terminals, between the repeating installations or
between the node terminals and repeating installations,
wherein

a path request repeating installation requesting transmis-
sion of communication data in the plural repeating
installations comprising:

a path information return requesting unit requesting the
repeating 1nstallations existing within the request
path range from a transmission source to destination
of the communication data to return path information
containing free state of respective output side paths;

a selecting unit selecting definite paths through which
the communication data pass based on the respective
path information returned from the repeating instal-
lations existing within the request path range; and

a definite path mmformation transmitting unit transmit-
ting the definite path information containing the
definite paths selected by the selecting unit to the
repeating installations existing within the request
path range; and

the respective repeating installations existing within the

request path range comprising:

a definite path information receiving unit receiving the
definite path information from the path request
repeating installation; and

a path information revising unit revising the respective
path mnformation based on the definite path informa-
tion received by the definite path information receiv-
Ing unit;

whereby the respective repeating installations existing,
within the request path range secures pass paths of
the communication data prior to transmission of the
communication data from the path request repeating,
installation.

According to the fifteenth aspect, in the path request
repeating mnstallation, the path information return requesting
unit requests the repeating installations existing within the
request path range from a transmission source to destination
of the communication data to return path mmformation con-
taining free state of respective output side paths. Next, the
selecting unit selects definite paths through which the com-
munication data pass based on the respective path informa-
tion returned from the repeating 1nstallations existing within
the request path range. Then, the definite path information
fransmitting unit transmits the definite path information
containing the definite paths selected by the selecting unit to
the repeating installations existing within the request path
range.

Meanwhile, 1n the respective repeating installations exist-
ing within the request path range, the definite path informa-
fion receiving unit receives the definite path nformation
from the path request repeating installation. The path infor-
mation revising unit revises the respective path information
based on the definite path information received by the
definite path mnformation receiving unit.

As a result, prior to transmission of the communication
data from the path request repeating installation, pass paths
of the communication data can be obtained, and when the
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pass paths for the communication data are secured, the
communication procedure between the repeating installa-
tions 1s simplified. As a result, even in the case where data
are exchanged between node terminal belonging respec-
tively to different repeating installations, the communication
data can be transmitted securely from an originating source
node terminal to a specified destination node terminal.

Further, 1t 1s the point of a sixteenth aspect of the
invention that the path request repeating installation further
comprises a iree path operating unit obtaining common free
paths between path information of the repeating 1nstallations
existing within the request path range by performing the
logical operation on the respective path information returned
from the repeating installations existing within the request
path range; and the selecting unit selecting definite paths
through which the communication data pass from the com-
mon Iree paths between the path information of the repeat-
ing 1nstallations existing within the request path range
obtained by the free path operating unit.

According to the sixteenth aspect, 1n the path request
repeating installation, the free path operating unit obtains
common free paths between path information of the repeat-
ing 1nstallations existing within the request path range by
performing the logical operation on the respective path
information returned from the repeating installations exist-
ing within the request path range. The selecting unit selects
definite paths through which the communication data pass
from the common free paths between the path information of
the repeating installations existing within the request path
range obtained by the free path operating unit.

Further, 1t 1s the point of a seventeenth aspect of the
invention that the path information revising unit updates the
selected definite paths in free state to be 1 use state based
on the definite path information received by the definite path
information receiving unit so as to revise the respective path
information.

According to the seventeenth aspect, the path information
revising unit updates the selected definite paths 1n free state
to be 1n use state based on the definite path information
received by the definite path information receiving unit so as
to revise the respective path information.

In addition, an eighteenth aspect of the invention provides
a communication system comprising plural repeating instal-
lations connected via a data transmission line, each repeat-
ing 1nstallation connected with one or more node terminals,
sald communication system exchanging data between the
node terminals, between the repeating installations or
between the node terminals and repeating installations,
whereln

a path request repeating installation requesting transmis-
sion of communication data in the plural repeating
installations comprising;:

a path information return requesting unit requesting the
repeating installations existing within the request
path range from an originating source to destination
of the communication data to return path information
containing free state of respective output side paths;

a free path operating unit obtaining common free paths

between path information of the repeating installa-

tions existing within the request path range by per-

forming the logical operation on the respective path
information returned from the repeating 1nstallations
existing within the request path range;

a selecting unit selecting definite paths through which
the communication data pass from the common free
paths between the path information of the repeating
installations existing within the request path range
obtained by the free path operating unit; and
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a definite path information transmitting unit transmit-
ting the definite path information containing the
definite paths selected by the selecting unit to the
repeating installations existing within the request
path range; and

the respective repeating installations existing within the

request path range comprising:

a definite path information receiving unit receiving the
definite path information from the path request
repeating 1nstallation; and

a path mnformation revising unit updating the definite
paths selected by the selecting unit 1n free state to be
in use state based on the definite path mmformation
received by the definite path information receiving
unit so as to revise the respective path information;

whereby the respective repeating installations existing,
within the request path range secure pass paths of the
communication data prior to transmission of the
communication data from the path request repeating
installation.

According to the eighteenth aspect, 1n the path request
repeating 1nstallation, first the path information return
requesting unit requests the repeating installations existing
within the request path range from an originating source to
destination of the communication data to return path infor-
mation containing free state of respective output side paths.
Next, the free path operating unit obtains common free paths
between path information of the repeating 1nstallations exist-
ing within the request path range by performing the logical
operation on the respective path information returned from
the repeating installations existing within the request path
range. Moreover, the selecting unit selects definite paths
through which the communication data pass from the com-
mon free paths obtained by the free path operating unait.
Then, the definite path information transmitting unit trans-
mits the definite path mformation containing the definite
paths selected by the selecting unit to the repeating instal-
lations existing within the request path range.

Meanwhile 1n the respective repeating mstallations exist-
ing within the request path range, the definite path informa-
fion receiving unit receives the definite path nformation
from the path request repeating 1nstallation. Accordingly, the
path mformation revising unit updates the definite paths
selected by the selecting unit 1n free state to be 1n use state
based on the definite path information received by the
definite path information receiving unit so as to revise the
respective path information.

As a result, prior to transmission of the communication
data from the path request repeating mnstallation, pass paths
of the communication data can be obtained, and when the
pass paths for the communication data are secured, the
communication procedure between the repeating installa-
tions 1s simplified. As a result, even in the case where data
are exchanged between node terminal belonging respec-
fively to different repeating 1nstallations, the communication
data can be transmitted securely from an originating source
node terminal to a specified destination node terminal.

Further, a nineteenth aspect of the invention provides
communication method used 1n a communication system
arranged by connecting plural repeating installations, to
which one or more node terminals are connected, via a data
transmission line, said communication method exchanging
data between the node terminals, between the repeating
installations or between the node terminals and repeating
installations, said communication method comprising the
steps of:

returning common free paths between output side path
information of the respective repeating installations,
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which are obtained by referring to path information
containing free state of the output side paths of the
repeating installations existing within a request path
range from an originating source to destination of the
communication data, from the repeating installations
existing within the request path range to the path
request repeating installation requesting transmission
of communication data in the plural repeating installa-
tions;

selecting, 1in the path request repeating installation, defi-
nite paths through which the communication data pass
from the returned common free paths between the
output side path information of the repeating installa-
tions;

transmitting the definite path information containing the
selected definite paths to the repeating installations
existing within the request path range; and

revising, 1n the respective repeating installations existing
within the request path range, the respective path
information based on the definite path i1nformation
received from the path request repeating installation to
secure pass paths for the communication data prior to
transmission of the communication data from the path
request repeating installation.

According to the nineteenth aspect, a path request repeat-
ing 1nstallation requesting transmission of communication
data 1n the plural repeating installations first returns common
free paths between output side path information of the
respective repeating installations, which are obtained by
referring to path information containing free state of the
output side paths of the repeating installations existing
within a request path range from an originating source to
destination of the communication data, from the repeating
installations existing within the request path range to the
path request repeating installation. Next, the path request
repeating installation selects definite paths through which
the communication data pass from the returned common free
paths between the output side path information of the
repeating 1nstallations. Then, the path request repeating
installation transmits the definite path information contain-
ing the selected definite paths to the repeating installations
existing within the request path range.

Meanwhile, the respective repeating installations existing,
within the request path range revise the respective path
information based on the definite path information received
from the path request repeating installation.

As a result, prior to transmission of the communication
data from the path request repeating installation, pass paths
for the communication data can be secured, and when the
pass paths for the data communication are secured, the
communication procedure between the repeating installa-
tions 1s simplified. As a result, even in the case where data
are exchanged between node terminal belonging respec-
tively to different repeating installations, communication
data can be transmitted securely from an originating source
node terminal to a destination node terminal.

Furthermore, a twentieth aspect of the invention provides
a communication method used 1n a communication system
arranged by connecting plural repeating installations, to
which one or more node terminals are connected, via a data
transmission line, said communication method exchanging
data between the node terminals, between the repeating
installations or between the node terminals and repeating
installations, said communication method comprising the
steps of:

returning common free paths between output side path
information of the respective repeating installations,
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which are obtained by referring to path information
containing free state of output side paths of the repeat-
ing 1installations existing within a request path range
from an originating source to destination of the com-
munication data, from the repeating installations exist-
ing within the request path range to the path request
repeating installation requesting transmission of com-
munication data 1n the plural repeating installations;

selecting, 1n the path request repeating installation, defi-
nite paths through which the communication data pass
from the returned common free paths between the
output side path information of the repeating installa-
tions;

transmitting the definite path information containing the

selected definite paths to the repeating installations
existing within the request path range;

updating, in the repeating installations existing within the

request path range, the selected definite paths i free
state to be 1n use state based on the definite path
information received from the path request repeating
installation to revise the respective path information,
thereby to secure pass paths for the communication
data prior to transmission of the communication data
from the path request repeating installation.

According to the twentieth aspect, first the path request
repeating installation requesting transmission of communi-
cation data 1n the plural repeating installations returns com-
mon free paths between output side path information of the
respective repeating installations, which are obtained by
referring to path information containing free state of output
side paths of the repeating installations existing within a
request path range from an originating source to destination
of the communication data, from the repeating installations
existing within the request path range to the path request
repeating 1nstallation. Next, the path request repeating
installation selects definite paths through which the com-
munication data pass from the common free paths between
the output side path information returned from the repeating
installations existing within the request path range. Then, the
path request repeating installation transmits the definite path
information containing the selected definite paths to the
repeating installations existing within the request path range.

Meanwhile, the respective repeating installations existing,
within the request path range update the selected definite
paths 1n free state to be 1n use state based on the definite path
information received from the path request repeating instal-
lation so as to revise the respective path mmformation.

As a result, prior to transmission of the communication
data from the path request repeating mnstallation, pass paths
for the communication data are secured, and when the path
paths for the communication data are secured, and the
communication procedure between the repeating installa-
tions 1s simplified. As a result, even in the case where data
are exchanged between node terminals belonging respec-
fively to different repeating 1nstallations, the communication
data can be transmitted securely from an originating source
node terminal to a destination node terminal.

Further, a twenty-first aspect of the invention provides a
communication system comprising plural repeating instal-
lations connected via a data transmaission line, each repeat-
ing 1nstallation connected with one or more node terminals,
sald communication system exchanging data between the
node terminals, between the repeating installations or
between the node terminals and repeating installations,
wherein

a path request repeating installation requesting transmis-
sion of communication data in the plural repeating
installations comprising:
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a path information return requesting unit requesting to
return common free paths between output side path
information of the respective repeating installations,
which are obtained by referring to path information
containing Iree state of the output side paths of the
repeating installations existing within a request path
range from an originating source to destination of the
communication data, from the repeating installations
existing within the request path range to the path
request repeating installation;

a selecting unit selecting definite paths through which
the communication data pass based on the respective
path information returned from the repeating 1nstal-
lations existing within the request path range; and

a definite path information transmitting unit transmit-
ting the definite path information containing the
selected definite paths selected by the selecting unit
to the repeating installations existing within the
request path range; and

the respective repeating installations existing within the

request path range comprising;:

a definite path information receiving unit receiving the
definite path information from the path request
repeating installation; and

a path information revising unit revising the respective
path information based on the definite path informa-
tion received by the definite path information receiv-
Ing unit;

whereby the respective repeating installations existing
within the request path range secure pass paths for
the communication data prior to transmission of the
communication data from the path request repeating
installation.

According to the twenty-first aspect, 1n the path request
repeating 1nstallation, first the path nformation return
requesting unit requests to return common Iree paths
between output side path information of the respective
repeating 1nstallations, which are obtained by referring to
path information containing free state of the output side
paths of the repeating installations existing within a request
path range from an originating source to destination of the
communication data, from the repeating installations exist-
ing within the request path range to the path request repeat-
ing 1nstallation. Next, the selecting unit selects definite paths
through which the communication data pass from the com-
mon free paths between the output side path information of
the repeating installations returned from the repeating 1nstal-
lations existing within the request path range. Then, the
definite path information transmitting unit transmits the
definite path information containing the selected definite
paths selected by the selecting unit to the repeating instal-
lations existing within the request path range.

Meanwhile, 1n the respective repeating installations exist-
ing within the request path range, the definite path informa-
fion receiwving unit receives the definite path information
from the path request repeating installation. The path mfor-
mation revising unit revises the respective path mnformation
based on the definite path information received by the
definite path information receiving unit.

As a result, prior to transmission of the communication
data from the path request repeating installation, pass paths
for the communication data can be secured, and the com-
munication procedure between the repeating installations 1s
simplified. As a result, even 1n the case where data are
exchanged between node terminals belonging respectively
to different repeating installations, the communication data
can be transmitted securely from an originating source node

terminal to a destination node terminal.
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Further, a twenty-second aspect of the invention provides
a communication system comprising plural repeating instal-
lations connected via a data transmission line, each repeat-
ing 1nstallation connected with one or more node terminals,
saild communication system exchanging data between the
node terminals, between the repeating installations or
between the node terminals and repeating installations,

wherein

a path request repeating installation requesting transmis-
sion of communication data in the plural repeating
installations comprising;:

a path information return requesting unit requesting to
return common free paths between output side path
information of the respective repeating installations,
which are obtained by referring to path information
containing free state of output side paths of the
repeating installations existing within a request path
range from an originating source to destination of the
communication data, from the repeating installations
existing within the request path range to the path
request repeating installation;

a selecting unit selecting definite paths through which
the communication data pass based on the respective
path information returned from the repeating instal-
lations existing within the request path range; and

a definite path mmformation transmitting unit transmit-
ting the definite path information containing the
definite paths selected by the selecting unit to the
repeating 1installations existing within the request
path range; and

the respective repeating installations existing within the

request path range comprising:

a definite path information receiving unit receiving the
definite path information from the path request
repeating installation; and

a path mnformation revising unit updating the definite
paths selected by the selecting unit 1n free state to be
in use state based on the definite path mmformation
received by the definite path information receiving
unit so as to revise the respective path information;

whereby the respective repeating installations existing
within the request path range secure pass paths for
the communication data prior to transmission of the
communication data from the path request repeating,
installation.

According to the twenty-second aspect, in the path
request repeating installation, first the path information
return requesting unit requests to return common free paths
between output side path information of the respective
repeating installations, which are obtained by referring to
path information containing free state of output side paths of
the repeating installations existing within a request path
range from an originating source to destination of the
communication data, from the repeating installations exist-
ing within the request path range to the path request repeat-
ing 1nstallation. Next, the selecting unit selects definite paths
through which the communication data pass from the com-
mon free paths between the output side path information of
the repeating installations returned from the repeating 1nstal-
lations existing within the request path range. Then, the
definite path information transmitting unit transmits the
definite path information containing the definite paths
selected by the selecting unit to the repeating installations
existing within the request path range.

Meanwhile, in the respective repeating installations exist-
ing within the request path range comprise, the definite path
information receiving unit receives the definite path infor-
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mation from the path request repeating installation. The path
information revising unit updates the definite paths selected
by the selecting unit 1n free state to be 1n use state based on
the definite path information received by the definite path
information receiving unit so as to revise the respective path
information.

As a result, prior to transmission of the communication
data from the path request repeating installation, pass paths
for the communication data can be secured, and the com-
munication procedure between the repeating installations 1s
simplified. As a result, even 1n the case where data are
exchanged between node terminals belonging respectively
to different repeating installations, the communication data
can be transmitted securely from an originating source node
terminal to a destination node terminal.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic block constitutional drawing show-
ing a whole communication system which 1s common to
first, second and third embodiments of the present invention.

FIG. 2 1s a block constitutional drawing of a repeating,
installation to be a main section of the communication
system according to the first embodiment.

FIG. 3 1s a state transition diagram schematically showing,
a generating process of self output side path information
used 1n the communication system according to the first
embodiment.

FIG. 4 1s a state transition diagram schematically showing,
the generating process of the self output side path informa-
tion used in the communication system according to the first
embodiment.

FIG. § 1s a state transition diagram schematically showing
the generating process of the self output side path informa-
tion used in the communication system according to the first
embodiment.

FIG. 6 1s a state transition diagram schematically showing,
the generating process of the self output side path 1nforma-
tion used 1n the communication system according to the first
embodiment.

FIG. 7 1s a drawing showing a data format used 1n the
communication system according to the first embodiment of
the present invention.

FIG. 8 1s an operational flow chart of each repeating
installation to be the main section of the communication
system according to the first embodiment of the present
invention.

FIG. 9 1s a block constitutional drawing of the repeating,
installation to be the main section of the communication
system according to the second and third embodiments of
the present invention.

FIG. 10 1s a drawing showing the output side path
information of each repeating installation composing the
communication system according to the second and third
embodiments.

FIG. 11 1s a drawing showing a flow when a passing path
of communication data 1s secured based on the output side
path 1nformation of each repeating installation existing
within the range of a request path composing the commu-
nication system according to the second and third embodi-
ments.

FIG. 12 1s a drawing showing a flow when a passing path
of communication data 1s secured based on the output side
path information of each repeating installation existing
within the range of a request path composing the commu-
nication system according to the second and third embodi-
ments.



US 6,512,777 Bl

19

FIG. 13 1s a drawing showing the output side path
information after the request path 1s determined 1n each
repeating installation composing the communication system
according to the second and third embodiments.

FIG. 14 1s a drawing showing a data format used in the
communication system according to the second and third
embodiments.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The following describes 1n detall embodiments of a
communication method and communication system accord-
ing to the present invention on reference to the drawings.

As for the communication system of a first embodiment
according to the present invention, the description 1s given
by exemplifying the case where the communication system
1s applied to a vehicle-borne network 1n which various
vehicle-borne functional equipments are connected via data
fransmission lines.

Now referring to FIG. 1, a communication system 1 of the
present invention 1s arranged so that plural route hubs RH1,
RH2, RH3, RH4 and RHS as repeating installations are
connected via a loop-formed data transmission lines 3 in
which data can be exchanged therebetween. The route hub
RH1 is connected with a system control unit (SCU) § for
ogenerally managing synchronous control of the whole com-
munication system 1, respective route hubs RH composing
the communication system 1, address setting operation of
respective functional equipments N, mentioned, later, etc.
As a network topology of the communication system 1,
besides the aforementioned loop form, suitable forms such
as a bus form and star form can be adopted.

The plural route hubs RH are connected respectively with
one or more various functional equipments N1 through N15
as node terminals, and data can be exchanged between the
route hubs RH, between the functional equipments or
between the functional equipments N and route hubs RH via
the data transmission lines 3 which allow transmission of
communication data to a direction of an arrow 1n FIG. 1, for
example. In the case where the communication system of the
present invention 1s applied to a vehicle, for example, as the
functional equipments N, a portable telephone, facsimile
(FAX), digital TV, radio receiver, navigation device (NV),
DVD (Digital Video Disc or Digital Versatile Disc)-ROM
device, CD (Compact Disc) reproducer, DAT (Digital Audio
Taperecorder), MD (Mini Disc) reproducer, audio amplifier
containing a digital signal processor (DSP), CAN
(Controller Area Network) interface, various sensors such as
bearing sensor and vehicle speed sensor, a monitor unit,
vehicle-borne personal computer, etc. can be adopted suit-
ably.

The plural route hubs RH are divided per functional unit
into a tuner system for inputting a radio wave from a
facsimile (FAX), portable telephone (TEL), etc. and a broad-
casting radio wave from a digital TV or radio receiver from
the functional equipments N, an amusement system for
inputting a sound signal and picture signal, mmformation
about traffic jam from the functional equipments N such as
a navigation device (NV), a control system for inputting
control information, etc. from the functional equipments N
such as various sensors, a picture signal system for output-
fing a picture signal to a monitor unit, etc., and a sound
signal system for outputting a sound signal to an audio
amplifier, etc. containing a digital signal processor (DSP).

Inherent addresses are previously set respectively 1n the
plural route hubs RH and functional equipments N by an
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address setting operation, for example, by the system control
unit (SCU) § when the communication system 1 is turned on
so that they can be 1dentified. These addresses are used for
specifying a destination, transmission source or originating
source 1n the case where data are exchanged between the
route hubs RH, between the functional equipments or
between the functional equipments N and route hubs RH via
the data transmission line 3. In the example of FIG. 1,
inherent self addresses are set respectively 1n the plural route
hubs RH1, RH2, RH3, RH4 and RHS, whereas inherent self

addresses are set respectively in the plural functional equip-
ments N1, N2, N3 . . ., N15.

Here, the description 1s given as to a frame format of
communication data transmitted through the communication
system 1 on reference to FIG. 7, plural information descrip-
tion areas where various information 1s described are set in
a signal frame of the communication data, and the plural
information description areas are composed of a destination
address section where a destination address 1s described, a
fransmission source address section where a transmission
source address 1s described, an originating source address
section where an originating source address 1s described, a
command section where various commands and control
information are described, and path information description
arca where use/free states of plural channels allocated
respectively to the functional equipments N connected with
the respective route hubs RH are described.

The following describes a block arrangement 1n the route
hubs RH as a repeating installation by typically exemplify-
ing the route hub RH3 on reference to FIG. 2. The route hub

RH3 comprises:

a network input interface (hereinafter, “interface” 1is
abbreviated as “I/F”) 7 for inputting various instruc-
tions and operation information of the functional
equipments, communication data including source data
or communication data transmitted from an equipment
input I/F 13, mentioned later, all of which are trans-
mitted from the route hub RH2 positioned on the upper
stream side via the data transmission line 3b;

[

a network buifer 9 for temporarily storing the communi-
cation data inputted via the network mput I/F 7;

a network output I/F 11 for transmitting and outputting the
communication data to the route hub RH4 positioned
on the lower stream side via the data transmission line
3c;

an equipment mput I/F 13 having first through third input
ports P1, P2 and P3 for mnputting communication data
transmitted from the functional equipments N8 and N9
connected with the equipment mput I/F 13 via these
first through third input ports P1, P2 and P3, perform-
ing suitable converting processes on the 1nputted com-
munication data to transmit the converted communica-
tion data to the network mput I/F 7;

an operation control unit 21, which 1s connected with the
various functional equipments N7, N8 and N9 con-
nected with the route hub RH3 via a communication
line 23, for always monitoring and inputting operation
information relating to operation states of the func-
tional equipments N7, N8 and N9 and transmitting the
inputted operation information to a path control section
15, mentioned later, whereas inputting the operation
information of the functional equipments N7, N8 and
N9 transmitted from the path control section 15 and
distributing so as to transmit the inputted operation
information to the functional equipments N7, N8 and

N9
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a usc state storage section 17 for always updating and
storing the use/free states of sub channels of input-
output (hereinafter, “input-output” is abbreviated as
“I/O”) ports allocated respectively to the functional
equipments N7, N8 and N9 according to the operation
information of the functional equipments N7, N8 and
N9 inputted from the operation control unit 21;

a path control section 15 which has a self output side path
information generating function for inputting upper
stream Iree information containing the use/free state of
the channel 1in the route hub RH2 positioned on the
upper stream side via the network 1nput I/F 7, compar-
ing and referring to the inputted upper stream free
information and the use/free states of the sub channels
read from the use state storage section 17 to generate
self output side path information containing the use/

free state of the channel in the route hub RH3 and to

transmit the generated self output side path information
to the network output I/F 11, and has an operation
information extracting 15 function for inputting various
instructions and operation information of the functional
cquipments N or communication data including source
data, etc. from the route hub RH2 positioned on the
upper stream side via the network mput I/F 7, and
extracting the operation mnformation of the functional
equipments N7, N8 and N9 connected with the route
hub RH3 from the inputted operation information of the
functional equipments N to transmit the extracted
operation information to the operation control unit 21;

and

an equipment output I/F 19 having first through third
output ports P4, P5 and P6, for mnputting the commu-
nication data transmitted from the network output I/F
11, and performing a suitable converting process on the
mnputted communication data to distribute and output
the converted communication data to the functional
equipment N7 via the fourth output port P4 selected
from the first through third output ports P4, P5 and P6.

Here, prior to the description about the generating process
of the self output side path information 1n the route hubs RH
as the repeating 1nstallation, the description 1s given as to the
arrangement of the path information frame described 1n the
path information description area 1n the communication data
and the arrangement of the first through third I/O ports on
reference to FIG. 3. In the example of FIG. 3, transmission
capacity of the data transmission line 3 1s 192 bit/unit time,
namely, communication data of 64 bit only for three chan-
nels can be transmitted via the data transmission line 3 per
unit time. The respective channels can be divided into eight
sub channels 1n the unit of 8 bit to be used, and communi-
cation data of up to one channel can be 1nputted 1nto and
outputted from the first through third I/O ports, and “1” 1s
described 1n the information description area corresponding
to each sub channel 1n the use state, whereas “0” 1s described
therein 1n the free state.

The path information frame has an information descrip-
tion area where the use/free states of three channels CHI1,
CH2 and CH3 1n the various functional equipments N can be
described, and the respective channels are further divided
sub channels of 8 bit, so the path information frame 1is
composed of totally twenty-four sub channels S1 through
S24.

The sub channels of 8 bit are allocated respectively to the
first through third input ports P1, P2 and P3, and the first
through third 1nput ports are composed of totally twenty-
four sub channels I1 through 124.

Meanwhile, the sub channels of 8 bit are allocated respec-
fively to the first through third output ports P4, PS and P,
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and the first through third output ports are composed of
totally twenty-four sub channels Ul through U24.

The following describes successively the processing pro-
cedure of the communication data in the respective route
hubs RH by typically exemplifying the route hub RH3 on
reference to the state transition diagrams schematically
showing the generating process of the self output side path
information shown 1n FIGS. 4 through 6.

First, the description 1s given as to the case where data
which specify the functional equipment as a destination
connected with the route hub 3 exist 1n the received com-
munication data. As shown 1n FIG. 4, when receiving the
communication data including an upper stream path infor-
mation frame transmitted from the route hub RH2 positioned
on the lower stream side of the route hub 3, the route hub
RH3 judges as to whether or not “1” representing the use
state 1s described in the upper stream path information frame
of the communication data received this time. As a result of
the judgment, when “1” representing the use state 1is
described 1n eight sub channels S9 through S16, for
example, 1n the upper stream path information frame, the
route hub RH3 judges as to whether or not the functional
equipment N connected therewith 1s specified as the desti-
nation of the data corresponding to the sub channels S9
through S16. As a result of the judgment, when the func-
tional equipment N connected therewith 1s specified as the
destination of the data corresponding to the sub channels 59
through S16, the route hub RH3 refers to the operation
information of the functional equipment N specified as the
destination as the data so as to judge as to whether or not less
than necessary number of “0” representing the free states are
described 1n the sub channels of the output port correspond-
ing to the functional equipment N. As a result of the
judgment, when not less than necessary number of “0” are
described 1n the sub channels of the output port correspond-
ing to the functional equipment N, namely, when not less
than necessary number of sub channels in the free state exist,
as shown 1n FIGS. § and 6, the route hub RH3 allocates the
sub channels 1n the free state as output destinations of the
data corresponding to the sub channels S9 through S16.

More specifically, 1n the present embodiment, the func-
tional equipment N7 1s specified as the destination of the
data corresponding to the four sub channels S9 through S12
comprised in the upper stream path information frame, and
since the sub channels U3, U4, U7 and U8 of the first output
port P4 corresponding to the functional equipment N7
specified as the destination are in the free state, the sub
channels U3, U4, U7 and U8 of the first output port P4 are
allocated as the output destination of the data corresponding,
to the sub channels S9 through S12. The data whose
destination 1s the functional equipment N7 1n the commu-
nication data received by the route hub RH3 are subject to
the process for establishing the path information of the
prescribed sub channels S9 through S12 comprised in the
upper stream path information frame and of the sub channels
U3, U4, U7 and U8 of the output port corresponding to the
functional equipment N7 in the route hub RH3, and the
communication paths of the data in the route hub RH3 are
secured so that the data are outputted to the functional
cquipment N7. In the case where only the functional equip-
ment N7 1s specilied as the destination of the data corre-
sponding to the sub channels S9 through S12 1n the upper
stream path information frame. Namely, 1n the case where
the data are transmitted to individual destinations, when the
process for allocating the output destinations of the data 1s
performed, output of the data corresponding to the sub
channels S9 through S12 1s completed. For this reason, as
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shown 1 FIG. 6, the state of the sub channels S9 through
S12 in the self path information frame are updated to be “0”
representing the free state.

Meanwhile, the description 1s given as to the case where
the functional equipment N belonging to another route hub
RH 1is specified as the destination of the communication data
outputted from the functional equipment connected with the
route hub RH3. As shown 1n FIG. 4, the route hub RH3
always monitors and inputs the operation information of the
various functional equipments N8 and N9 connected with
the route hub RH3, and refers to the inputted operation
information so as to judge as to whether or not “1” repre-
senting the use state 1s described 1n the sub channels of the
first and second 1nput ports P1 and P2 corresponding to the
functional equipments N8 and N9. As a result of the
judgment, when “1” representing the use state 1s described
in the eight sub channels I1, 12, 15, 16, 19, 110, 113 and 114,
for example, 1n the sub channels of the first and second 1nput
ports P1 and P2, the route hub RH 3 further judges as to
whether or not the functional equipment N belonging to
another route hub RH 1s specified as the destination of the
data corresponding to the respective sub channels I1. As a
result of the judgment, when the functional equipment N
belonging to another route hub RH 1s specified as the
destination of the data corresponding to the respective sub
channels I1, the route hub RH3 refers to the use/free state of
the sub channels comprised 1n the upper stream path mfor-
mation frame so as to judge as to whether or not eight sub
channels where “0” representing the free state 1s described
exist 1n the upper stream path information frame. As a result
of the judgment, when eight sub channels where “0” repre-
senting the free state 1s described exist in the upper stream
path information frame, as shown 1 FIGS. 5 and 6, the route
hub RH3 allocates the sub channels where “0” representing
the free state 1s described to the upper stream path frame
information as the output destination of the data correspond-
ing to the respective sub channels I1.

More specifically, 1in the present embodiment, “1” repre-
senting the use state 1s described 1n the eight sub channels I1,
12, IS5, 16,19, 110, 113 and 114 of the sub channels of the first
and second mput ports P1 and P2 corresponding to the
various functional equipments N8 and N9, and at least eight
sub channels S1 through S8 where “0” 1s representing the
free state” 1s described exist in the upper stream path
information frame. For this reason, the aforementioned eight
sub channels S1 through S8 comprised 1n the upper stream
path mformation frame are allocated as the output destina-
tion of the data corresponding to the respective sub channels
I. Since this allocating process allocates the data to the sub
channels S1 through S8, as shown 1n FIG. 6, the state 1n the
sub channels S1 through S8 in the self path information
frame 1s updated to be “1” representing the use state. In such
a manner, when the path information of the sub channels II,
12, 15, 16, 19, 110, 113 and 114 of the first and second 1nput
ports P1 and P2 corresponding to the functional equipments
N8 and N9 and the path information of the prescribed sub
channels S1 through S8 comprised in the upper stream path
imnformation frame 1s decided 1n the route hub RH3, and the
communication paths of the data in the route hub RH3 are
secured, data whose destination 1s specified as the functional
cquipment N belonging to another route hub RH 1n the
communication data outputted from the functional equip-
ments N8 and N9 are outputted to another route hub RH.

As mentioned above, according to the communication
method and communication system according to the first
embodiment of the present invention, mstead of the central
management of the communication paths between the
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repeating installations using a central managing device, a
repeating 1nstallation of the plural repeating installations
compares and refers to another path information mcluding
the use/free states of the channels of the other repeating
installations received by the other repeating 1nstallations and
the use/free states of the channels corresponding to one or
more node terminals connected with the repeating installa-
tion itself, and the path information of input-output data
inputted/outputted mnto/from the self repeating 1nstallation 1s
decided. As a result, since the allocation of the communi-
cation channels of the mput-output data 1s managed 1ndi-
vidually and dispersively, the processing load due to the path
management 1n the respective repeating installations 1is
reduced and the processing time required for the path
management 1n the repeating installations 1s reduced. As a
result, for example, even 1n the case where data are
exchanged between node terminals belonging respectively
to different repeating installations, the communication data
can be transmitted securely to the destination node terminal
specifled by the originating source node terminal.

The following describes the operation of the route hubs
RH as the repeating installations by typically exemplifying
the processing procedure of the communication data 1n the
route hub RH3 shown 1n FIG. 2 on reference to the opera-
tional flow chart shown i1n FIG. 8.

When the communication system 1 1s turned on, the path
control section 15 performs the process for setting the sub
channels 1n the self path information frame to be in free state
as the initial setting process (Step S1).

When the 1nitial setting process at S1 1s completed, the
operation control unit 21 always monitors and inputs opera-
tion mformation relating to operation states of the various
functional equipments N7, N8 and N9 connected with the
route hub RH3 and transmits the inputted operation infor-
mation to the path control section 15. Accordingly, the path
control section 135 refers to the operation information of the
functional equipments N7, N8 and N9 mputted from the
operation control unit 21 and always updates the use/free
state of the sub channels of the I/O ports allocated respec-
fively to the functional equipments N7, N8 and N9 so as to
store the updated use/free states 1n the use state storage
section 17 1n order to always maintain the latest states. As a
result, the path control section 15 grasps all the use/free
states of the sub channels of the I/O ports corresponding to
the functional equipments N7, N8 and N9 based on the
stored contents in the use state storage sections 17 (Step S2).

The network mnput I/F 7 receives and inputs communica-
tion data including upper stream free information containing
the use/free states of the channels in the route hub RH2
transmitted from the route hub RH2 positioned on the upper
stream side via the data transmission line 3b (Step S3), and
transmits the inputted communication data including the
upper stream Ifree mformation to the path control section 15.
Accordingly, the path control section 15 compares and refers
to the upper stream free information and the use/free states
of the sub channels of the I/O ports allocated to the func-
tional equipments N7, N8 and N9 read from the use state
storage section 17 so as to decide the path information of the
input-output data inputted/outputted into/from the route hub
RH3. As a result, the path control section 15 performs the
allocation of the communication channels of the input-
output data 1s managed individually and dispersively,
whereas generates self output side path information contain-
ing the use/free states of the channels of the route hub RH3
(step S4).

Here, as mentioned above, 1n the case where data output
hose destination 1s the functional equipment N connected
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with the route hub RH3 exists on the basis of the use/free
states of the channels of the route hub 2 described 1n the
upper stream free imnformation, the corresponding sub chan-
nels 1n the upper stream information are updated from use
state to free state, whereas 1n the case where data input
whose originating source 1s the functional equipment N
connected with the route hub RH3 exists, the prescribed sub
channels 1n the free state 1n the upper stream free informa-
tion are converted and updated to be the use state. As a
result, the self output side path information generated at step
S4 1s generated. Therefore, 1nstead of the central manage-
ment of data using a central managing device, the route hub
RH3 refers to I/O balance of the data with respect to the
route hub RH3 and simultaneously managing the commu-
nication paths of data individually and dispersively.
Theretore, the processing load due to the path management
in the route hub RH3 1s reduced, and the processing time
required for the path management 1n the route hub RH3 1s
shortened. As a result, for example, 1n the case where data
are exchanged between the functional equipments belonging
respectively to different route hubs RH, the communication
data can be transmitted securely to the destination specified
by the originating source.

When the self output side path information 1s generated at
step S4, the path control section 15 transmits the generated
self output side path information to the network output I/F
11, and accordingly the network output I/F 11 transmits the
communication data including the self output side path
information to the route hub RH4 positioned on the lower
stream side via the data transmission line 3¢ (Step SS§).

When the transmission of the self output side path infor-
mation 1s completed at step S5, a node terminal power
source confirming circuit, not shown, comprised in the route
hub RH3 judges as to whether or not the node terminal 1s
turned off (Step S6). As a result of the judgment at step S6,
when the power of the node terminal 1s ON, the path control
section 15 returns the procedure to step S2 and repeats the
step S2 and the following, whereas when the power of the
node terminal 1s switched to OFF state, all the steps are
completed.

The following describes the communication method and
communication system according to the second embodiment
of the present invention on reference to FIGS. 9 through 14.
The communication system 31 according to the second
embodiment has the same arrangement as that of the com-
munication system according to the first embodiment in
appearance, but there 1s partial difference 1n the function of
the route hubs RH as the repeating installations, so the
description 1s given centering on the difference. Moreover,
as for the drawings used for the description of the commu-
nication system 31 according to the second embodiment, as
shown 1n FIGS. 10 and 13, for the convenience, the route
hub RHS i1s deleted from the communication system 1
according to the first embodiment.

In the communication system 31 according to the second
embodiment, a path request repeating installation which
makes a transmission request of communication data in
plural repeating installations composing the communication
system has a function for requesting the repeating installa-
fions existing within the request path range from the origi-
nating source to the destination of the communication data
to return the path information containing the free states of
the output side paths, and selecting definite path through
which the communication data pass based on the returned
path information in the repeating installations, and transmit-
ting the definite path information containing the selected
definite paths to the repeating installations existing within
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the request path range. Meanwhile, the respective repeating
installations existing within the request path range have a
function for revising the path information based on the
received definite path information. By making these func-
tions elfective, 1n the communication system 31 according to
the second embodiment, when the communication path of
the communication data i1s secured, the communication
procedure between the repeating installations 1s simplified.

In order to making the functions effective, 1nstead of the
use state storage section 17 contained in the route hub RH

used 1n the communication system 1 according to the first
embodiment, the route hub RH used in the communication

system 31 according to the second embodiment adopts a
path information storage section 29 for storing the path
information containing the free state of the output side paths,
whereas the path control section 15 additionally has a
function for when a node terminal connected with the route
hubs RH or route hub RH3 makes transmission request of
communication data, requesting the repeating installations
existing within the request path range to return the path
information, and selecting definite paths through which the
communication data pass based on the returned path infor-
mation of the repeating installations, and transmitting the
definite path information containing the definite paths
selected to the repeating installations existing within the
request path range, whereas when receiving the definite path
information from the path requesting repeating installation,
revising the path information based on the received definite
path mformation.

In addition, instead of the path information describing
areca 1n the frame format of the communication data trans-
mitted 1in the communication system 1 according to {first
embodiment, 1n the frame format of the communication data
transmitted in the communication system 31 according to
the second embodiment, a path information describing arca
where path mformation 1s described 1s adopted.

The following describes the processing procedure of the
communication data in the respective route hubs RH by
exemplifying the case where the functional equipment N1
connected with the route hub RH1 is an originating source
and the functional equipment N12 connected with the route
hub RH4 1s a destination, and the route hub RH1 makes a
transmission request of communication data using four sub
channels (SC) as communication capacity on reference to
FIGS. 10 through 13. In this case, the route hub RHI1 is a
path requesting route hub RH, whereas the route hubs RH1
through RH3 are route hubs RH existing within the request
path range.

First, the path request route hub RH1 investigates a free
state of paths within the request path range from the origi-
nating source to destination of communication data, and in
order to secure paths 1n free state as the path of communi-
cation data, requests the route hubs RH1 through RH3
existing within the request path range to return path infor-
mation containing free states of the respective output side
paths. One example of the path information of the route hubs
RH1 through RH3 at this time 1s shown 1n FIG. 10, and the
route hubs RH1 through RH3 successively returns the path
information to the path request route hub RHI.

When receiving the path information returned from the
route hubs RH1 through RH3, the path control section 15 of
the path request route hub RHI1, as shown in FIG. 11,
performs first OR operation of the path information of the
route hub RH1 and the path information of the route hub
RH2. By the first OR operation, free paths of the route hub
RH1 through the route hub RH3 are obtained, and more
specifically, it 1s found that eight sub channels (SC) 17
through 24 are free paths.
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Further, as shown 1n FIG. 11, the path control section 15
of the path request route hub RH1 performs second OR
operation of the result of the first OR operation and the path
information of the route hub RH3. By the second OR
operation, free paths within the request path range of the
route hub RH1 as the path request repeating installation
through the route hub RH4 as the destination repeating
installation are obtained, and more specifically, 1t 1s found
that eight sub channels (SC) 17 through 24 are free paths.

Then, as shown 1n FIG. 11, the path control section 15 of
the path request route hub RH1 selects four free paths (SC17
through SC20) as the definite paths from the eight free paths
(SC17 through SC24) within the request path range obtained
by the second OR operation using, for example, a left-sided
path selecting method, and stores the definite path informa-
fion containing the selected definite paths 1n a prescribed
address of the path information storage section 29. As a
result, in the path request route hub RH1, the pass paths of
the communication data are decided.

Thereafter, as shown 1n FIG. 12, the path control section
of the path request route hub RH1 transmits the definite path
information to the route hubs RH1 through RH3 existing
within the request path range in order to obtain the selected
definite paths 1n the route hubs RH1 through RH3 existing
within the request path range.

Accordingly, as shown 1n FIG. 12, the route hubs RH1
through RH3 existing within the request path range revised
the definite paths (SC17 through SC20) transmitted from the
path request route hub RH1 1n the path imnformation as use
paths. As a result, as shown 1n FIG. 13, the path information
of the respective route hubs RH 1s updated to be the path
information where sub channels corresponding to the defi-
nite paths (SC17 through SC20) are revised into free paths,
and thus the pass paths of the communication data from the
originating source to the destination are secured.

According to the communication method and communi-
cation system of the second embodiment, the path request
repeating installation making a transmission request of the
communication data in the plural repeating 1nstallations first
requests the repeating installations existing the request path
range from the originating source to the destination of the
communication data to return path information containing a
free state of the output side paths, and selects definite paths
through which the communication data pass based on the
returned path information of the repeating installations so as
fo transmit the definite path information containing the
selected definite paths to the repeating installations existing
within the request path range, whereas the respective repeat-
ing 1nstallations existing the request path range revise their
path information based on the received definite path
information, and thus can secure the pass paths of the
communication data prior to the transmission of the com-
munication data from the path request repeating installation,
and when the pass paths of the communication data are
secured, the communication procedure between the repeat-
ing 1nstallations 1s simplified. As a result, even 1n the case
where data are exchanged between node terminals belonging
respectively to different repeating installations, communi-
cation data can be transmitted securely to the destination
node terminal specified by the originating source node
terminal.

Further, as the third embodiment which 1s a modified
example of the present mnvention according to the second
embodiment, the procedure of obtaining common free paths
between the output side path information of the route hubs
RH existing within the request path range can be changed as
follows.
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Namely, the path request route hub RH1 first transmits the
self output side path information to the route hub RH2
existing 1n the lower stream side. Accordingly, the route hub
RH2 performs first OR operation of the output side path
information of the path request route hub RH1 and the
output side path information of the route hub RH2, and
transmits the result of the first OR operation to the route hub
RH3 existing in the lower stream side. Common free paths
between the output side path mnformation of the route hubs
RH1 and RH2 can be obtained by the first OR operation.

When receiwving the result of the first OR operation
transmitted from the route hub RH2, the route hub RH3
performs second OR operation of the result of the first OR
operation and the output side path information of the route
hub RH3, and transmits the result of the second OR opera-
tion to the route hub RH4 existing in the lower stream side.
When receiving the result of the second OR operation, the
route hub RH4 returns the result of the second OR operation
to the path request route hub RH1. Common free paths
between the output side path mnformation of the route hubs
RH existing within the request path range can be obtained by
the second OR operation.

According to the communication method and communi-
cation system of the third embodiment, the path request
repeating mstallation making a transmission request of com-
munication data in the plural repeating installations first
returns common free paths between output side path mfor-
mation ol the respective repeating installations, which 1is
obtained by referring to the path information containing the
free states of the output side paths of the repeating 1nstal-
lations existing within the request path range from the
originating source to the destination of the communication
data, from the repeating installations existing within the
request path range to the path request repeating installation,
and selects definite paths through which the communication
data pass based on the returned common free paths between
the output side path information of the repeating installa-
tions so as to transmit the definite path information contain-
ing the selected definite paths to the repeating installations
existing within the request path range. Meanwhile, the
repeating 1nstallations existing within the request path range
revise their path mnformation based on the received definite
path mmformation, and thus the pass paths of the communi-
cation data can be secured prior to the transmission of the
communication data from the path request repeating
installation, and when the pass paths of the communication
data are secured, the communication procedure between the
repeating installations 1s simplified. As a result, for example,
in the case where data are exchanged between node termi-
nals belonging respectively to different repeating
installations, the communication data can be transmitted
securcly from the originating source node terminal to the
specified destination node terminal.

The above described 1n detail, but the present invention 1s
not limited to the aforementioned embodiments, so the
present 1nvention can be realized by suitable modification
without departing from the spirit or scope of the following
claims.

Namely, for example, the communication system of the
present invention can be constituted so that in the case where
data where a node terminal connected with a repeating
installation 1s specified as a destination exist in the received
communication data, and 1n the case where the data are
sound information of urgency having higher priority and the
node terminal as the destination 1s an audio amplifier con-
taining a digital signal processor (DSP) connected with a
speaker, the repeating nstallation which received the com-
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munication data containing the sound information set pre-
scribed sub channels 1 plural sub channels allocated to the
destination node terminal to free state forcibly regardless of
the use/free state of the destination node terminal, and the
sound information having higher priority i1s outputted
through the sub channels 1n the free state.

In addition, for example, the communication system of
the present invention can be constituted so that 1in the case
where data where a node terminal connected with a repeat-
ing 1nstallation 1s specified as a destination exist i the
received communication data, and 1n the case where the data
are picture information of urgency having higher priority
and the node terminal as the destination 1s a monitor unit
which can display a digital picture information on a screen,
in the similar manner to the sound information, the repeating
installation which received the communication data contain-
ing the picture mmformation with higher priority set pre-
scribed sub channels for on-screen 1n plural sub channels
allocated to the destination node terminal to free state
forcibly regardless of the use/free state of the destination
node terminal, and the picture information having higher
priority 1s outputted through the sub channels for on-screen
in the free state.

In order to realize priority interruption of the aforemen-
tioned sound 1nformation or picture information, a priority
describing area where priority 1s described 1s additionally set
in the frame format of the communication data, and as the
arrangement of the repeating installations, priority iterrup-
fion control unit discriminating priority of the received
communication and when the priority of the received com-
munication data 1s high, setting required sub channels in
plural sub channels allocated to the destination node termi-
nal to free state forcibly may be added.

Further, according to the communication system 1 accord-
ing to the first embodiment of the present invention, since
the respective route hubs RH manages communication paths
of data individually and dispersively, 1n the case where, for
example, transmission capacity of the data transmission line
3 1s 192 bit/unit time, namely, communication data of 64 bit
only for three channels can be transmitted per unit time via
the data transmission line 3, when the communication data
for three channels are transmitted from the route hub RH1 to
the route hub RHJ3 via the data transmission lines 3a and 3b
in FIG. 1, at the same time the communication data for three
channels are transmitted from the route hub RH4 to the route
hub RHS wvia the data transmission line 3d, and thus the
communication data for six channels, 1.e., twice as much as
the data transmission line 3, can be transmitted i1n the
communication system 1.

Similarly, according to the communication system
according to the second and third embodiments of the
present 1nvention, since the path request route hub RH
manages pass paths of the communication data within the
request path range centrally, in the case where plural path
request route hubs RH make a path request individually and
respective use paths are not overlapped, the communication
data with transmission capacity not less than twice as much
as the data transmission line can be transmitted in the
communication system.

Furthermore, the communication system of the present
invention can be arranged so that in the case where com-
munication data are priority data, the path request route hub
RH, which makes a transmission request of the priority data
whose originating source 1s the path request route hub RH
self or a functional equipment N connected with the path
request route hub RH, sets preset paths 1n the paths up to a
destination of the priority data forcibly as free paths, and
thus the pass paths are secured.
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In addition, 1n the communication system according to the
second and third embodiments of the present invention, the
embodiment refers to the example such that when the OR
operation between the path information of the repeating
installation existing within the request path range 1s
performed, common free paths between the path information
of the repeating installations within the path request range
are obtained, but the present 1nvention 1s not limited to this
embodiment, so the common paths between the path infor-
mation of the repeating installations existing within the
request path range can be obtained by performing the AND
operation between the path information of the repeating
installations existing within the request path range.

According to the communication system of the present
invention, 1t 1s needless to say that the respective repeating
installations perform a connecting process between channels
between the node terminals connected with the repeating
installations, and thus data can be exchanged between the
node terminal connected to the respective repeating instal-
lations.

What 1s claimed 1s:

1. A communication method used in a communication
system arranged by connecting plural repeating installations,
to which one or more node terminals are connected, via a
data transmission line, said communication method
exchanging data between the node terminals, between the
repeating installations or between the node terminals and
repeating 1nstallations, said communication method com-
Prising;:

comparing and referring, 1n each repeating installation, to
another path information, in which usage states of
plural channels of the other repeating 1nstallations other
than the repeating installation 1tself are described,
included 1 communication data received from the
other repeating installations and usage states of chan-
nels corresponding to the one or more node terminals
connected with the repeating installation itself; and

deciding, 1n each repeating installation, path information
of input-output data 1nput to or output from the repeat-
ing 1nstallation itself;

whereby each repeating 1nstallation individually and dis-
persively manages allocation of communication chan-
nels of the input-output data.

2. A communication method used in a communication
system arranged by connecting plural repeating installations,
to which one or more node terminals are connected, via a
data transmission line, said communication method
exchanging data between the node terminals, between the
repeating installations or between the node terminals and
repeating installations, said communication method com-
prising:

comparing and referring, 1n each repeating installation, to

another path information, in which usage states of
plural channels of the other repeating 1nstallations other
than the repeating installation 1tself are described,
included 1 communication data received by the other
repeating installations and usage states of channels
corresponding to the one or more node terminals con-
nected with the repeating installation itself;

deciding, 1n each repeating installation, path information
ol mnput-output data input to or output from the repeat-
ing installation itself;

generating, 1n each repeating 1nstallation, output side path
information of the repeating installation itself where the
usage states of the channels of the repeating 1nstallation
itself 1s described; and
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transmitting the communication data including the gen-
crated output side path information of the repeating
installation 1tself to the other repeating installations
other than the repeating installation itself;

whereby each repeating installation individually and dis-
persively manages allocation of communication chan-

nels of the 1put-output data.
3. The communication method according to claim 2,
wherein the output side path information of the repeating,

installation itself 1s generated, based on the usage states of
plural channels of the other repeating installations other than
the repeating 1nstallation 1itself described 1n the other path
information, by updating corresponding channels 1n the
other path information from use state to free state in the case
where data output whose destination 1s a node terminal
connected with the repeating installation itself exist, and by
updating prescribed channels in free states 1n the other path
information to be in use state in the case where data 1nput
whose originating source 1s a node terminal connected with
the repeating installation itself.

4. The communication method according to claim 3,
wherein 1n the case where data mput whose originating,
source 18 a node terminal connected with the repeating
installation itself exist and a destination of the data input 1s
a node terminal connected with the repeating installation
itself, decision of paired pieces of the path information
corresponding to the paired node terminals 1s not prevented.

5. A communication method used 1n a communication
system arranged by connecting plural repeating installations,
to which one or more node terminals are connected, via a
data transmission line, said communication method
exchanging data between the node terminals, between the
repeating installations or between the node terminals and
repeating 1installations, said communication method com-
prising:

comparing and referring, 1n each repeating installation, to

another path information, in which usage states of
plural channels of the other repeating 1nstallations other
than the repeating installation itself 1s described,
included 1n communication data received by the other
repeating installations and usage states of channels
corresponding to the one or more node terminals con-
nected with the repeating installation itself; and

deciding, in each repeating installation, path information
of input-output data input to or output from the repeat-
ing 1nstallation itself, based on whether or not priority
data having high priority whose destination 1s a node
terminal connected with the repeating 1nstallation itself
exist 1n the communication data;

whereby each repeating installations individually and
dispersively manage allocation of communication
channels of the mput-output data.

6. The communication method according to claim 3§,
wherein when priority data having high priority whose
destination 1s a node terminal connected with the repeating
installation 1itself exist i the communication data, path
information 1s decided so that the priority data are given
priority in interruption and output via a desired channel
regardless of usage states of channels corresponding to the
node terminal as the destination.

7. A communication system comprising plural repeating
mstallations connected via a data transmission line, each
repeating 1installation connected with one or more node
terminals, said communication system exchanging data
between the node terminals, between the repeating 1nstalla-
tions or between the node terminals and repeating
installations, said each repeating installation comprising:
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a rece1ving unit recerving communication data mcluding
another path mmformation 1n which usage states of plural
channels of the other repeating installations other than
the repeating installation 1tself are described, from the
other repeating installation;

a state judging unit judging usage states of channels
corresponding to one or more node terminals connected

with the repeating installation itself; and

a path information deciding unit comparing and referring
to another path information imncluded 1n the communi-
cation data received by the receiving unit and the usage
states of the channels corresponding to the one or more
node terminals connected with the repeating installa-
tion 1tself judged by the state judging unit to decide
path information of input-output data input to or output
from the repeating installation itself;

whereby the path information deciding unit individually
and dispersively manages allocation of communication
channels for the mput-output data.

8. A communication system comprising plural repeating,
installations connected via a data transmission line, each
repeating installation connected with one or more node
terminals, said communication system exchanging data
between the node terminals, between the repeating installa-
tions or between the node terminals and repeating
installations, said each repeating installation comprising:

a receiving unit receiving communication data including
another path information in which use/free states of
plural channels of the other repeating 1nstallations other
than a repeating installation itself are described, from
the other repeating installation;

a state judging unit judging usage states of channels
corresponding to one or more node terminals connected
with the repeating installation itself;

a path information deciding unit comparing and referring
to another path information included 1n the communi-
cation data received by the receiving unit and the usage
states of the channels corresponding to the one or more
node terminals connected with the repeating installa-
tion 1tself judged by the state judeing unit to decide
path information of input-output data input to or output
from the repeating installation itself;

a self path information generating unit comparing and
referring to another path information included in the
communication data received by the receiving unit and
the usage states of the channels corresponding to the
one or more node terminals connected with the repeat-
ing 1nstallation 1tself judged by the state judging unit to
generate self output side path information where usage
states of the channels of the repeating installation itself
1s described; and

a transmitting unit transmitting the communication data
including the self output side path information gener-
ated by the self path information generating unit to the
other repeating installations other than the repeating
mstallation itself;

whereby the path information deciding unit individually
and dispersively manages allocation of communication
channels for the mput-output data.

9. The communication system according to claim 8§,
wherein the self path mnformation generating unit generates
the self output side path immformation, based on the usage
states of plural channels of the other repeating installations
described 1n the other path information, by updating corre-
sponding channels 1n another path information from use
state to free state in the case where data output whose
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destination 1s a node terminal connected with the repeating
installation itself exist, and by updating prescribed channels
in {ree states in the other path information to be 1n use state
in the case where data mput whose originating source 1s a
node terminal connected with the repeating installation
itself.

10. The communication system according to claim 9,
wherein 1n the case where data mput whose originating
source 18 a node terminal connected with the repeating
installation itself exist and a destination of the data input 1s
a node terminal connected with the repeating installation
itself, decision of paired pieces of the path information
corresponding to the paired node terminals 1s not prevented.

11. A communication method used 1n a communication
system arranged by connecting plural repeating installations,
to which one or more node terminals are connected, via a
data transmission line, said communication method
exchanging data between the node terminals, between the
repeating installations or between the node terminals and
repeating installations, said communication method com-
prising:

requesting from a path request repeating installation
requesting transmission of communication data in the
plural repeating installations to repeating installations
existing within a request path range from an originating
source to destination of the communication data to
return path information containing iree state of respec-
tive output side paths;

selecting, 1n the path request repeating installation, defi-
nite paths through which the communication data pass
based on the respective path information returned from
the repeating installations existing within the request
path range;

transmitting the definite path information containing the
selected definite paths from the path request repeating
installation to the repeating 1nstallations existing within
the request path range;

revising the respective path information, 1n the repeating,
installations existing within the request path range,
based on the definite path information received from
the path request repeating installation to secure pass
paths for the communication data prior to transmission
of the communication data from the path request
repeating installation.

12. The communication method according to claim 11,

further comprising:

obtaining, 1n the path request repeating installation, com-
mon free paths between the path information in the
repeating installations existing within the request path
range by performing logical operation of the respective
path mmformation returned from the repeating installa-
tions existing within the request path range; and

selecting, 1n the path request repeating installation, defi-
nite paths through which the communication data pass
from the obtained common free paths between the path
information of the repeating installations existing
within the request path range.

13. The communication method according to claim 11,
wherein the repeating installations existing within the
request path range update the selected definite paths 1n free
state to be 1n use state based on the definite path information
received from the path request repeating installation to
revise the respective path information.

14. A communication method used 1n a communication
system arranged by connecting plural repeating installations,
to which one or more node terminals are connected, via a
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data transmission line, said communication method
exchanging data between the node terminals, between the
repeating installations or between the node terminals and
repeating 1nstallations, said communication method com-
prising;
requesting from a path request repeating installation
requesting transmission of communication data in the
plural repeating installations to repeating installations
existing within a request path range from an originating
source to destination of the communication data to
return path information containing iree state of respec-
tive output side paths;

obtaining, 1n the path request repeating 1nstallation, com-
mon free paths between the path information in the
repeating installations existing within the request path
range by performing logical operation of the respective
path information returned from the repeating installa-
tions existing within the request path range;

selecting, 1in the path request repeating installation, defi-
nite paths through which the communication data pass
from the obtained common free paths between the path
information of the repeating installations existing
within the request path range;

transmitting the definite path information containing the
selected definite paths from the path request repeating
installation to the repeating 1nstallations existing within
the request path range; and

updating, in the repeating installations existing within the
request path range, the selected definite paths m free
state to be 1n use state based on the definite path
information received from the path request repeating,
installation to revise the respective path information
and thus securing pass paths for the communication
data prior to transmission of the communication data
from the path request repeating installation.

15. A communication system comprising plural repeating
installations connected via a data transmission line, each
repeating 1installation connected with one or more node
terminals, said communication system exchanging data
between the node terminals, between the repeating installa-
tions or between the node terminals and repeating
installations, wherein a path request repeating installation
requesting transmission of communication data in the plural
repeating installations includes:

a path information return requesting unit requesting the
repeating installations existing within the request path
range from a transmission source to destination of the
communication data to return path information con-
taining free state of respective output side paths;

a selecting unit selecting definite paths through which the
communication data pass based on the respective path
information returned from the repeating installations
existing within the request path range; and

a definite path information transmitting unit transmaitting
the definite path information containing the definite
paths selected by the selecting unit to the repeating
installations existing within the request path range; and

wherein the respective repeating installations existing
within the request path range include:

a) a definite path information receiving unit receiving
the definite path information from the path request
repeating installation; and

b) a path information revising unit revising the respec-
tive path information based on the definite path
information received by the definite path information
receiving unit;
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whereby the respective repeating installations existing
within the request path range secures pass paths of the
communication data prior to transmission of the com-
munication data from the path request repeating instal-
lation.

16. The communication system according to claim 185,
wherein the path request repeating installation further
includes a free path operating unit obtaining common free
paths between path information of the repeating 1nstallations
existing within the request path range by performing the
logical operation on the respective path information returned
from the repeating installations existing within the request
path range; and the selecting unit selecting definite paths
through which the communication data pass from the com-
mon iree paths between the path mformation of the repeat-
ing 1nstallations existing within the request path range
obtained by the free path operating unit.

17. The communication system according to claim 135,
wherein the path information revising unit updates the
selected definite paths in free state to be 1n use state based
on the definite path information received by the definite path
information receiving unit so as to revise the respective path
information.

18. A communication system comprising plural repeating
mstallations connected via a data transmission line, each
repeating 1nstallation connected with one or more node
terminals, said communication system exchanging data
between the node terminals, between the repeating 1nstalla-
tions or between the node terminals and repeating
installations, wherein a path request repeating installation
requesting transmission of communication data in the plural
repeating installations includes:

a path mmformation return requesting unit requesting the
repeating installations existing within the request path
range from an originating source to destination of the
communication data to return path information con-
tamning free state of respective output side paths;

a free path operating unit obtaining common free paths
between path information of the repeating installations
existing within the request path range by performing
the logical operation on the respective path information
returned from the repeating installations existing within
the request path range;

a selecting unit selecting definite paths through which the
communication data pass from the common free paths
between the path information of the repeating installa-

tions existing within the request path range obtained by

the free path operating unit; and

a definite path information transmitting unit transmitting
the definite path information containing the definite
paths selected by the selecting unit to the repeating
installations existing within the request path range; and

wherein the respective repeating installations existing
within the request path range include:

a) a definite path information receiving unit receiving
the definite path information from the path request
repeating installation; and

b) a path information revising unit updating the definite
paths selected by the selecting unit 1n free state to be
in use state based on the definite path mformation
received by the definite path information receiving,
unit so as to revise the respective path information;

whereby the respective repeating installations existing
within the request path range secure pass paths of the
communication data prior to transmission of the com-
munication data from the path request repeating instal-
lation.
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19. A communication method used 1n a communication
system arranged by connecting plural repeating installations,
to which one or more node terminals are connected, via a
data transmission line, said communication method
exchanging data between the node terminals, between the
repeating installations or between the node terminals and
repeating installations, said communication method com-
prising:

returning common Iree paths between output side path

information of the respective repeating installations,
which are obtained by referring to path information
containing free state of the output side paths of the
repeating installations existing within a request path
range from an originating source to destination of the
communication data, from the repeating installations
existing within the request path range to the path
request repeating installation requesting transmission
of communication data 1n the plural repeating installa-
tions;

selecting, 1n the path request repeating installation, defi-

nite paths through which the communication data pass
from the returned common free paths between the
output side path mnformation of the repeating installa-
tions;

transmitting the definite path information containing the

selected definite paths to the repeating installations
existing within the request path range; and

revising, 1n the respective repeating installations existing
within the request path range, the respective path
information based on the definite path i1nformation
received from the path request repeating installation to
secure pass paths for the communication data prior to
transmission of the communication data from the path
request repeating installation.

20. A communication method used 1n a communication
system arranged by connecting plural repeating installations,
to which one or more node terminals are connected, via a
data transmission line, said communication method
exchanging data between the node terminals, between the
repeating installations or between the node terminals and
repeating installations, said communication method com-
Prising;:

returning common Iree paths between output side path

information of the respective repeating installations,
which are obtained by referring to path information
containing iree state of output side paths of the repeat-
ing installations existing within a request path range
from an originating source to destination of the com-
munication data, from the repeating installations exist-
ing within the request path range to the path request
repeating installation requesting transmission of com-
munication data 1n the plural repeating installations;

selecting, 1n the path request repeating installation, defi-
nite paths through which the communication data pass
from the returned common free paths between the
output side path information of the repeating installa-
tions;

transmitting the definite path information containing the
selected definite paths to the repeating installations
existing within the request path range; and

updating, 1n the repeating installations existing within the
request path range, the selected definite paths 1n free
state to be 1n use state based on the definite path
information received from the path request repeating
installation to revise the respective path information,
thereby to secure pass paths for the communication
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data prior to transmission of the communication data
from the path request repeating installation.

21. A communication system comprising plural repeating
mstallations connected via a data transmission line, each
repeating installation connected with one or more node
terminals, said communication system exchanging data
between the node terminals, between the repeating installa-
tions or between the node terminals and repeating
installations, wherein a path request repeating installation
requesting transmission of communication data in the plural
repeating installations includes:

a path information return requesting unit requesting to
return common Iree paths between output side path
information of the respective repeating installations,
which are obtained by referring to path information
containing free state of the output side paths of the
repeating 1nstallations existing within a request path
range from an originating source to destination of the
communication data, from the repeating installations
existing within the request path range to the path
request repeating 1nstallation;

a selecting unit selecting definite paths through which the
communication data pass based on the respective path
information returned from the repeating installations
existing within the request path range; and

a definite path information transmitting unit transmitting
the definite path information containing the selected
definite paths selected by the selecting unit to the
repeating installations existing within the request path
range; and

wherein the respective repeating installations existing
within the request path range include:

a) a definite path information receiving unit receiving
the definite path information from the path request
repeating installation; and

b) a path information revising unit revising the respec-
tive path information based on the definite path
information received by the definite path information
receiving unit;

whereby the respective repeating installations existing
within the request path range secure pass paths for the
communication data prior to transmission of the com-

munication data from the path request repeating instal-
lation.
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22. A communication system comprising plural repeating
mstallations connected via a data transmission line, each
repeating 1installation connected with one or more node
terminals, said communication system exchanging data

5 between the node terminals, between the repeating installa-
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tions or between the node terminals and repeating
installations, wherein a path request repeating installation
requesting transmission of communication data in the plural
repeating installations includes:

a path information return requesting unit requesting to
return common Iree paths between output side path
information of respective repeating installations, which
are obtained by referring to path information containing,
free state of output side paths of the repeating 1nstal-
lations existing within a request path range from an
originating source to destination of the communication
data, from the repeating installations existing within the
request path range to the path request repeating nstal-
lation;

a selecting unit selecting definite paths through which the
communication data pass based on respective path
information returned from the repeating installations
existing within the request path range; and

a definite path information transmitting unit transmaitting
the definite path information containming the definite
paths selected by the selecting unit to the repeating
installations existing within the request path range; and

wherein the respective repeating installations existing
within the request path range include:

a) a definite path information receiving unit receiving
the definite path information from the path request
repeating installation; and

b) a path information revising unit updating the definite
paths selected by the selecting unit 1n free state to be
in use state based on the definite path information
received by the definite path information receiving
unit so as to revise the respective path information;

whereby the respective repeating installations existing
within the request path range secure pass paths for the
communication data prior to transmission of the com-
munication data from the path request repeating instal-
lation.
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